TITLE OF THE INVENTION 



MEASUREMENT SYSTEM AND METHOD FOR 
ASSESSING LIFT VEHICLE STABILITY 



CROSS-REFERENCES TO RELATED APPLICATIONS 
[0001] (NOT APPLICABLE) 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] (NOT APPLICABLE) 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to a measurement system that effectively 

assesses the tipping moment of a load-bearing vehicle and anticipates imminent tipping in 
any direction. The system will allow for increased working envelope of the vehicle while 
providing a means to detect situations of improper operation or misuse. 
[0004] Improper operation or misuse could occur, for example, if an operator 

attempts to lift extra weight and exceeds the machine capacity. When overloaded, the 
result could be loss of machine stability that leads to the machine tipping over. Improper 
operation or misuse could also arise if an operator gets the machine stuck in the mud, 
sand, or snow and proceeds to push himself out by telescoping the boom and pushing into 
the ground. This also leads, in addition to possible structural damage and malfunctioning 
of the machine, to a tipping hazard. A final example of improper operation or misuse 
could occur if an operator lifts a part of the boom onto a beam or post and continues to 
try to lift. The result is similar to the overloading case. 

[0005] The use of stability limiting and warning systems in load bearing vehicles 

has been practiced for several years. Most systems have been in the form of envelope 
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control. For example, given the swing angle, boom angle, and boom length, a 
conservative envelope stability system could be developed for a telescopic boom lift or 
crane. In this method, however, the number of sensors necessary to achieve the stability 
measurement is high and contributes to poor reliability and increased cost, especially for 
machines with articulating booms. In addition, the load in the platform needs to be 
independently monitored. 

[0006] Another practiced method is to measure boom angle and lift cylinder 

pressure. In theory, as the load increases, the pressure in the cylinder supporting the 
boom also increases. But in reality, it is more complicated. At high angle, for example, 
much of the load's force passes into the boom's mounting pins and will not result in an 
appropriate increase in cylinder pressure. Also, hysterisis errors are significant; the 
pressures substantially differ for the same boom angle depending on whether the boom 
angle were reached by raising or lowering the boom. 

[0007] Several other similar methods can also be found on the market. However, 

just as the two systems described above, they use a large number of sensors and lack the 
ability to address backward stability situations. Indeed, in the context of boom lifts, in 
addition to forward stability one needs to also monitor backward stability, which occurs 
when a boom is fully elevated and the turntable swung in the direction where the 
turntable counterweight contributes to a destabilizing moment. 

BRIEF SUMMARY OF THE INVENTION 

[0008] In order to use the least number of sensors and capture a backward 

moment, dual axis force sensor pins are provided according to the present invention. One 
sensor pin for each moving part attachment to non-moving turntable is required. In 
general, pins are installed in the pivot points of the boom and its main lift cylinder, 
substituting the standard structural pins presently used. Each of the sensors provides the 
actual force components acting on the sensor in two perpendicular axes. The output 
signals are then utilized by an on-board control system to assess vehicle stability and 
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detect when the machine is approaching instability in order to warn the operator and/or 
restrict vehicle movements. 

[0009] In an exemplary embodiment of the invention, a system for assessing 

stability in a boom lift vehicle is provided, where the boom lift vehicle incorporates a 
boom, a boom pivot, a main lift cylinder coupled with the boom, a main lift cylinder 
pivot, and vehicle driving components. The system includes a first force sensor pin 
installed in the boom pivot, and a second force sensor pin installed in the main lift 
cylinder pivot. The first force sensor pin detecting force components acting thereon via 
the boom pivot along two perpendicular axes, and the second force sensor pin detecting 
force components acting thereon via the lift cylinder along two perpendicular axes. A 
control system communicating with the vehicle driving components and the first and 
second force sensor pins assesses boom lift vehicle stability based on the force 
components acting on the first and second force sensor pins and controls the vehicle 
driving components based on boom lift vehicle stability. 

[0010] The boom lift vehicle may further include a boom rest and a load cell 

coupled with the boom rest, wherein the control system determines boom lift vehicle 
stability based on a destabilizing moment (M), according to pre-established formulas. If 
no load cell is used, the control system may additionally determine whether the boom 
rests on the boom rest. 

W [0011] The control system may effect a continuous rated capacity of the boom lift 

vehicle, monitor a load on the boom lift vehicle, and/or determine boom angle based on 
the force components acting on the first and second force sensor pins. Boom angle (0) 
may be determined according to a formula. 

[0012] The control system further determines boom structural load conditions via 

the force components acting on the first and second force sensor pins, and controls 
operation of the driving components based on the structural load conditions. 
[0013] Preferably, each of the first and second force sensor pins includes an 

internal housing containing associated electronics therein including a pin microprocessor, 
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wherein the pin microprocessor is configured to effect filtering and amplification of the 
detected force components and to store calibration factors and pin identity information. 
[0014] In another exemplary embodiment of the invention, a method for assessing 

stability in a boom lift vehicle includes the steps of (a) detecting force components acting 
on the boom pivot along two perpendicular axes; (b) detecting force components acting 
on the main lift cylinder pivot along two perpendicular axes; and (c) assessing boom lift 
vehicle stability based on the detected force components and controlling the vehicle 
driving components based on boom lift vehicle stability. Step (c) may be practiced by 
assessing both forward and backward stability of the boom lift vehicle based on the 
detected force components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] These and other aspects and advantages of the present invention will be 

described in detail with reference to the accompanying drawings, in which: 
[0016] FIGURE 1 is a block diagram of the system according to the present 

invention; 

[0017] FIGURE 2 is a schematic illustration of a boom lift vehicle showing the 

variables used for assessing vehicle stability; 

[0018] FIGURE 3 is a schematic illustration of the boom lift vehicle showing 

variables for determining the cylinder angle and the boom angle; and 
[0019] FIGURE 4 illustrates an exemplary dual axis force sensing pin for use 

with the system according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0020] According to the present invention, dual axis force sensing pins are 

incorporated in booms and boom lift vehicles in place of standard pivot pins to enable a 
control system to assess vehicle stability. Generally, the dual axis force sensing pins are 
known. With reference to FIG. 1, these dual axis force sensing pins 18, 20 detect force 
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components acting thereon along two perpendicular axes and communicate the detected 
force components to one or more communicating processors 1. The pins 18, 20 are 
preferably installed in the pivot points of the boom and its main lift cylinder, substituting 
the standard structural pins presently used. One sensor pin for each moving part 
attachment to non-moving turntable is required. Each of the sensors provides the actual 
force components acting on the sensor in two perpendicular axes. The output signals are 
then utilized by an on-board control system of the processors 1 to assess vehicle stability 
and detect when the machine is approaching instability in order to warn the operator via 
an alarm 2 or the like and/or restrict vehicle movement via communication with vehicle 
driving components 3. 

[0021] FIG. 2 is a schematic illustration showing part of a boom lift vehicle 10 

including a boom 12, a boom pivot 14 and a main lift cylinder 16. A first force sensor 
pin 18 is installed in the boom pivot 14, and a second force sensor pin 20 is installed in 
.09 the main lift cylinder 16, at the pivot connection 21 of the lift cylinder to the vehicle 

Sj turntable 11 as shown in FIG. 2. For alternative articulating booms that require a third 

^ pin or more, a force sensing pin should be installed at each boom moving part attachment 

Q to non-moving turntable. In FIG. 2, the first components for the first force sensor pin 18 

are designated by Bv and Bh for vertical and horizontal force components, respectively. 
Similarly, the force components acting on the second force sensor pin 20 are designated 
Cv and Ch for the vertical and horizontal force components, respectively. Horizontal and 
vertical distances from the point around which the moment is determined are designated 
by Xb, Yb and Xc, Yc for the first and second force sensor pins 18, 20, respectively. 
Similar designations (Xr, Yr) are provided for the load cell F at a boom rest 22. 
[0022] On the machines with a rotating turntable, if the boom rest 22 is monitored 

via load cell F, the moment is calculated around the center line of rotation point at the 
swing bearing. If the boom rest 22 is not monitored, then the same point of rotation is 
used when the boom 12 is not on the boom rest 22. Otherwise, when the boom 12 is on 
the boom rest 22, the point of contact of the boom 12 on the boom rest 22 is used as the 
point around which the moment is calculated. On the machines without a turntable (like 
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traditional telescoping material handlers), any point can be selected for calculating the 
moment. 

[0023] The moment (M) around point O is determined from the force components 

acting on the first and second force sensor pins. In this manner: 
M = -Y b B h -Y c C h + X b B v + X C C V - X r F 

~ \M backward \<M< +\M fomard |; :.safe operation 
M < ~\M backwar(l | orM > +\M /omard I; .-.unsafe operation 



where: 



[0024] 



{^forward \ * s maximum forward moment for stability, and 



M 



backward 



is maximum backward moment for stability. 



A load (L) in the platform can be determined according to: 
L = B V +C V 

where W is the constant and known weight of the upper structure (i.e., above turntable 
1 1) including boom, platform and control box. 

[0025] When the boom rest effect is not monitored, the moment (M) is 

determined according to: 

M = M 0 = -Y b B h - Y c C h + X b B v + X C C V when the boom is not on 

the boom rest, and 

M=M 0 .= -(Y„ -Y r )B h - (Y c -Y r )C h +(X b + X r )B v + (X c + X r )C v , 

when the boom is on the boom rest. 



[0026] 

and: 



In this context, if arctan 



* a r , then boom is not on the boom rest, 



M 



M Q <- 



backward 0 

M 



<M 0 < + 



M 



backward 0 



orM Q > + 



forward q 

M 



forward 0 



.'.safe operation 
; /.unsafe operation 



where: 
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m 



fr"; 

w 



M 



forward 0 



M 



backward 



is maximum forward moment for stability around point O, and 



is maximum backward moment for stability around point O. 



[0027] 

rest, and: 



On the other hand, if arctan 



= a r , then the boom is on the boom 



\M 



backward Q ' 



< M 0 . < + 



M 



forward Q - 



M 0 .<- 



M 



backward 



orM 0 , > + 



.safe operation 



M forward Q . t unsafe operation 



where: 
and 

[0028] 

predicted. 
[0029] 



M 



forward 0 



M 



backward 0 



is maximum forward moment for stability around point O', 



is maximum backward moment for stability around point 0\ 



If the boom is on the boom rest, the load in the platform cannot be 



With reference to FIG. 3, using the force component readings from the 
second force sensor pin 20, the cylinder angle (a) and boom angle (0)'can be determined. 
In this context: 
[0030] 

1) Cylinder Angle a : 



a - arctan 



2) Boom Angle 9 : 
From geometry 

C v _ r+ /?sin0 -fccostf 
C h pcosO + ksinO -m 
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solving this equation for 6 leads to: 



6 = arctan 



kC v - P C h ± ficl +C 2 h \k 2 + p 2 )+ (mC v + rC h ) 2 
(m+ p)C v +(r + k)C h 



[0031] In some boom lift models, there is a need to have not only tipping 

protection but also structural overload protection in regions that are susceptible to 
structural damage before instability risks occur. 
In such cases: 



If 6 = arctan 



kC v - pC h ± J(c» + C\ \k 2 +p 2 )+ (mC v + rCj 
(m+ p)C v +(r + k)C h 



<0 S , 



then the boom is in a tipping dominant region, and previous discussion in predicting safe 
or unsafe operation applies. 



If 6 = arctan 



kC v - pC h ± V(CV 2 + Cj \k 2 +p 2 )+ (mC v + rC h f 
(m+ p)C v +(r + k)C h 



then the boom is in a structural dominant region, and: 



M 

M <-\M 



structural 
backward 

structural 
backward 



<M <+|M 
orM > + 



structural . 
forward y 

jlm structural 
M forward 



;.safe operation 
; :.unsafe operation 



where: 



Af 



structural 



" backward 

structurally safe, and 



is equivalent maximum forward moment for which boom is 



\M 



structural 
backward 



is equivalent maximum backward moment for which boom is 
structurally safe. 

[0032] As an alternative to the arctan calculations discussed above to determine 

whether the boom is on the boom rest, the system can sense such conditions by analyzing 
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the sum of horizontal forces. Theoretically if 2F X =0, the boom is not on the boom rest, if 

ZF X ?K), the boom is on the boom rest or in contact with a free space obstacle. 

[0033] As noted above, although generally conventional dual axis force sensing 

pins can be used according to the present invention, the invention more preferably 
incorporates a modified pin 30 as shown in FIG. 4. The modified pin includes, in 
addition to the sensing elements 34, a housing 32 therein to internally accommodate the 
device electronics. Additionally, a microprocessor 36 is embedded inside the pin for 
performing a number of operations within the pin itself. Operations performed include 
filtering, amplification, etc. The pin microprocessor 36 also stores the calibration factors 
and identity of pin information. In this manner, pin locations can be interchanged 
Li, without any effect on either calibration factors or pin identity. Indeed, it is important to 

know where each pin is located for the exact computation of the moment from their force 
measurements. The pin according to the present invention permits it to broadcast its 
identity to the main processor where the moment computation is performed. The pin 
broadcasts its calibration factors to the main processor. 
5 [0034] This feature is particularly useful during assembly since there is no need to 

y mark the pins for either the boom pivot or the main lift cylinder location. In a similar 

manner, there is no need to perform any additional system calibration above the factory 

yj 

Q individual pin calibration that is stored as stated within the pin. 

[0035] By assessing stability using dual axis force sensing pins, the system of the 

invention can accurately and continuously assess true forward and backward tipping 
moments. As a result, the system can effect a continuous rated capacity as opposed to the 
current dual rating (such as fully extended, fully retracted). In addition, the upper and 
lower bounds can enable continuously more capacity with decreasing ground slope (using 
a chassis tilt monitor), and continuously more capacity from boom over the side to boom 
over front/back (conventionally, only rated for worse configuration - boom over the side). 
Design requirements can be relaxed, and machines can be pre-programmed for different 
reach and capacity. The system can derive/determine the load in the basket, thereby 
helps to prevent structural overload of basket attachments and the leveling system. By 
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monitoring the load in the force sensor pins, the system can also detect imminent tipping 
due to external forces, other than the load in the platform. By monitoring moments and 
weight in the basket the system can be used to store information about occurrence of 
excessive loads, such information can be used when responding to warranty claims. 
[0036] Additionally, for single rated boom lifts, the system according to the 

present invention prevents tipping regardless if overturning moment is due to overload or 
boom lifting into an obstacle, etc. Monitoring chassis tilt allows more capacity with 
decreasing ground slope up to structural limitations. Monitoring turntable position allows 
continuously more capacity from boom over the side to boom over the front/back up to 
structural limitations. 

[0037] For dual rated boom lifts, the system provides a continuous capacity from 

highest rated load to lowest rated load. The conventional term "dual" in this context 
becomes obsolete since the boom becomes a multi-rated (continuous) boom lift. The 
highest rated capacity is dictated by structural limitations. 

[0038] Finally, with respect to material handling equipment, the system according 

to the invention eliminates the need for a load chart. The system can also be configured 
to display (in a bar code type display or the like) available capacity. This advantage may 
be important for all telescopic material handlers (especially for machines with an aerial 
work platform attachment) where the platform capacity is not limited by structural 
limitations of the boom and platform leveling mechanism. Additionally, monitoring 
backward stability is currently not practiced in the industry, and as discussed above, 
backward stability is readily monitored with the system according to the present 
invention. Still further, the system could also be used to assess side tipping, which is an 
important issue in material handling equipment as such equipment usually do not include 
a swinging turntable. 

[0039] While the invention has been described in connection with what is 

presently considered to be the most practical and preferred embodiments, it is to be 
understood that the invention is not to be limited to the disclosed embodiments, but on 
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the contrary, is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. 
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